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Abstract
K. pneumoniae is known to cause hospital and community acquired infections. it is usually associated 
with upper & lower respiratory infections, septicaemia, urinary tract infection, wound infections, 
neonatal sepsis, meningitis, and endophthalmitis. the virulence factors play a role in its existence in 
different environmental conditions and therefore help in establishing Klebsiella pneumoniae infection 
in the human body. Multi drug resistant Klebsiella pneumoniae is an increasing threat to human health. 
Klebsiella pneumoniae is one of the species recognized as nosocomial pathogens that exhibit multidrug 
resistance and virulence in esKAPe group as per WhO. the study was conducted to determine the 
various virulence factors & the antimicrobial pattern of Klebsiella pneumoniae isolates. A cross sectional 
observational study, conducted in Department of Microbiology of R.l. Jalappa hospital and Research 
Centre, Kolar, sample size of 150. All 150 Klebsiella pneumoniae isolates collected for the study, the 
Klebsiella pneumoniae isolates which were positive for various virulence factors were as follows on 
hemolysis 7(4.66%), capsule 150(100%), hypermucoviscosity formation 66(44%), biofilm production 
81(54%), siderophore production 110(73.33%), protease 135(90%), gelatinase 126(84%), lipase 
production 119(79.33%), lecithinase activity 82(54.66%). the drug resistance klebsiella pneumoniae 
were as follows: esBl producers 24(16.67%), AmpC producers were 22(14.67%), MDR 116(74.20%), 
extensive drug resistant (XDR) 30(20%), pan drug resistant (PDR) 42(28%), Carbapenem resistance 
65.33% reported. the increasing coexistence of virulence factors & antimicrobial resistance pattern is 
of particular concern. hence active surveillance for antimicrobial resistance & virulence determinants is 
imperative now to implement effective control measures to prevent the rapid spread of drug resistance. 
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iNtRODUCtiON

 Klebsiella pneumoniae is a gram negative, 
capsulated, non motile bacilli, lactose fermenting, 
facultative anaerobic bacteria belonging to family 
Enterobacteriaceae.1,

 K. pneumoniae  asymptomatical ly 
colonizes the skin, mouth, respiratory & 
gastrointestinal flora. K. pneumoniae is one of 
the known agents of hospital and community 
acquired infections.2 It is usually associated 
with lower respiratory infections (pneumonia), 
bacteremia, septicaemia, urinary tract infection, 
wound infections, intra abdominal infections  
neonatal septicemia, liver abscess, meningitis, 
endophthalmitis , catheter associated urinary tract 
infection (CAUTI), ventilator associated pneumonia 
(VAP) & central line associated bloodstream 
infection (CLABSI) cases.3

 “The pathogenicity of K. pneumoniae 
mainly arise from various virulence factors which 
allow it to overcome innate host immunity 
and to maintain infection in a mammalian 
host”.4 These virulence factors play a role in its 
survival in different environmental conditions 
and therefore help in establishing infection in 
the human body.5 K. pneumoniae pathogenicity 
is attributed to several virulence factors like 
fimbrial adhesins, lipopolysaccharides, capsule 
and siderophores, biofilm formation, lipase, 
lecithinase, haemagglutination, protease, 
gelatinase, hemolysis and hypermucoviscosity. 
All these virulence factors have the potential to 
produce a wide variety of infections in hospitalized 
patients & in the community.6,7

 It also produces hemolysin protein, an 
exotoxin (cytolyic toxin) which cause lysis of blood 
cells & therefore facilitate the dissemination of 
bacteria.8

 There are 3 variants of Klebsiella 
pneumoniae - Classical K. pneumonia (cKP), 
Hypervirulent  K.  pneumoniae  (hvKP )  & 
Multidrugresistant hvKP (MDR-hvKP).9,10

 K. pneumoniae infections are more 
common with classic K. pneumoniae (cKp) type”.8 
These strains persist in hospital environments 
and cause infections in debilitated patients. 
These cKp strains are distinct from hypervirulent 
K.pneumoniae (hvKp) strains.11

 K. pneumoniae has the ability to form 
biofilms, responsible for colonization of the 
gastrointestinal, respiratory, urinary tract and 
the development of invasive infections especially 
in immunocompromised patients Klebsiella 
pneumoniae, can adhere to medical devices 
forming biofilms, thus preventing the antibacterial 
factors. 12,13

 In the antibiotic era, K. pneumoniae is 
a documented cause of healthcare-associated 
infections (HAI); these strains are naturally resistant 
to ampicillin, carbenicillin and ticarcillin because 
of production of a chromosomal penicillinase, 
sulfhydryl variable (SHV-1). The global rise of 
multidrug-resistant (MDR) K.p strains represent 
an increasing threat to human health with a high 
mortality rate.14

  According to WHO in 2017 Klebsiella 
pneumoniae is one of the species recognized 
in ESKAPE group (Enterococcus faecium, 
Staphylococcus aureus,  K.  pneumoniae, 
Acinetobacter baumannii ,  Pseudomonas 
aeruginosa, and Enterobacter species), associated 
by their characteristic potential to escape or evade 
the action of antimicrobial agents.15

MAteRiAls AND MethODs

 This was a Cross sectional observational 
study conducted in the Department of Microbiology 
at Central Diagnostics Laboratory Services (CDLS), 
R.L. Jalappa Hospital and Research Centre, Tamaka, 
Kolar. The study was done from October 2019 to 
May 2021, for about 1.6 years. 

sample size
 150 Klebsiella pneumoniae isolates 

inclusion Criteria
 • All Klebsiella pneumoniae species 
isolated from various clinical samples were 
included in our study. 

exclusion Criteria
 Patient who refused to give the informed 
consent for the study. 
 Klebsiella pneumoniae isolated from stool 
samples were excluded from the study.  A total of 
150 Klebsiella pneumoniae species isolated from 



  www.microbiologyjournal.org1785Journal of Pure and Applied Microbiology

Hullur et al. | J Pure Appl Microbiol. 2022;16(3):1783-1791. https://doi.org/10.22207/JPAM.16.3.21

different clinical samples: Pus sample (n = 51), 
respiratory samples were as follows – sputum 
(n = 22) & ET samples (n = 43),Blood culture 
(n = 15), Urine (n = 10) and Body Fluids (n = 5), 
miscellaneous samples (n = 3) like vaginal sample, 
central line sample, ear/eye samples as shown 
in Table 1. The samples were cultured on Blood 
agar media and Mac conkey agar then were 
incubated at 37°C for 24 hours. K. pneumoniae 
was identified by standard biochemical tests 
including morphology of colony, Gram staining, 
oxidase, triple sugar iron medium (TSI), Methyl 
Red, indole test VogesProskauer (MR-VP), urease, 
lysine decarboxylase, arginine dihydrolase and 
Simmons citrate agar.16 The clinical isolates, were 
determined for the following virulence factors as 
mentioned below:
 H e m o l ys i s ,  C a ps u l e  Fo r m at i o n , 
Hypermucoviscosity,  Biof i lm Formation, 
Siderophore Production, Protease, Gelatinase, 
Haemagglutination Assay, Lipase & Lecithinase 
Activity (Table 2). 

Methodology For Detection of Virulence Factors: 
hemolysis
 Klebsiella pneumoniae colonies were 
inoculated on routine sheep blood agar at 37°C & 
observed for hemolysis.6 

Detection of Capsule
 O ve r n i g ht  i n c u b ate d  K l e bs i e l l a 
pneumoniae colony was taken on a clean slide, 
smear stained with methylene blue for 2 mins, 
then washed with tap water & observed for 
hemolysis. Observed for capsule around the 
organism.17 

 Hyper Mucoviscosity [Hv] Modified String 
Test: Klebsiella pneumoniae isolate was inoculated 
on routine sheep blood agar media, incubated at 
37°C for 24 hours. Then a standard inoculation 
loop was used to demonstrate the string test When 
the formed string stretched >5 mm in length, it 
indicated HMV phenotype.18 

Biofilm Formation
 96 well Microtiter plate method is 
commonly used to demonstrate the biofilm 
formation by Klebsiella pneumoniae isolates in 
various samples as shown in Figure 1. 

Method
 200µl of overnight luria broth (LB) culture 
was transferred to a 96 well microtiter plate in 
triplets. Isolates sub cultured on Lysogeny Broth 
was incubated for 24 hr at 37°C. Further 25µl 
of 1% crystal violet was added to each well and 
incubated for 15 mins at room temperature. 
Wells were washed thrice with phosphate 
buffer solution (PBS) and ethanol was added to  
dissolve the strain.19

interpretation of Biofilm Production
 After testing the isolates, microtiter 
plate was assessed : The mean OD492 of the six 
wells was calculated (ODT). The cut-off OD (ODc) 
was defined as three standard deviations above 
the mean OD of the negative control wells. The 
level of the formed biofilm was asserted as 
follows: (i) Nonadherent:  ODT ≤ ODC (ii)Weakly 
adherent:  ODC < ODT ≤ 2ODC (iii)Moderately 
adherent:  2ODC < ODT ≤ 4ODC (iv)Strongly 
adherent:  4ODC < ODT.20

siderophores
 Nutrient agar supplemented with 200 
mM of 2.2 –dipyridyl Klebsiella pneumoniae 
isolates will be streaked on agar plates & then 
incubated at 37°C for 24 hrs. Any bacterial growth 
will be considered positive for Siderophore 
production as shown in Figure 2.21

Protease
 Klebsiella pneumoniae was inoculated 
on freshly prepared milk agar and incubated at 
37°C for 72 hrs, formation of turbidity around the 
colonies – demonstrate protease production.7  

interpretation of the test
 The Development of any growth at stab 
inoculated sites were considered as positive & 
no growth at the inoculation were considered as 
negative for the test.22,23

Gelatinase
 Nutrient agar plate with 3% gelatin was 
prepared, colony was inoculated & incubated for 
16 hrs at 37°C, then extra 5 hrs in refrigeration 
(at 4°C). The gelatinase producing colonies were 
surrounded by a clear zone once mercuric chloride 
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was poured on plates while the medium became  
opaque.

interpretation of the test
 The Development of any growth at stab 
inoculation sites were considered as positive & 
no growth at the inoculation were considered as 
negative for the test as shown in Figure 3.24 

haemagglutination Assay
 Mannose sensitive haemagglutination 
was confirmed by absence of haemagglutination, 
and Mannose resistant haemagglutination: was 
confirmed by presence of haemagglutination (with 
3% O -blood group human RBC in presence of 2% 
mannose).25

lipase Activity
 Klebsiella pneumoniae isolate grown on 
blood agar was re-inoculated on egg-yolk agar & 
was incubated at 37°C for one day. Then plates 
were flooded with copper sulphate solution for 
20 mins, removed the excess solution and plate 
was allowed to dry. Observed the changes.

lecithinase Activity
 Klebsiella pneumoniae isolated from 
nutrient agar was re-inoculated on egg-yolk agar, 
incubated for 37°C for 24 hrs then the plates were 
sprayed with copper sulphate solution for 20 mins, 
drain off the excess solution & plate was allowed 
to dry. 

interpretation of lipase & lecithinase test 
 If there is clearance / halo around the 
colonies it was considered as positive for this test. 
For lipase production – development of bluish 
green type of colonies even after removing excess 
copper sulphate were considered as positive test 
results.26

Methodology for Detection of Antimicrobial 
Resistance
 For each pure isolate an antimicrobial 
sensitivity testing was performed by disk diffusion 
technique was done on Mueller Hinton Agar 
[MHA] and antibiotic discs will be placed and 
incubated for 18- 24 hours. Based on the zone 
size, the isolates will be classified as sensitive, 
moderately sensitive and resistance as per the 
CLSI [Clinical and Laboratory Standards Institute] 
guidelines.27

 The gram negative antibiotic panel for 
routine antibiotic susceptible testing will be as 
follows: 
1.  Piperaci l l in,  Piperaci l l in-Tazobactam, 
Ampicillin, Amoxicillin-Clavulanate, Gentamicin, 
Amikacin, Tobramycin, Cefotaxime, Ceftriaxone, 
C e f t a z i d i m e ,  C e f t a z i d i m e - C l a v u l a n i c 
Acid, Cefoxitin, Ciprofloxacin, Levofloxacin, 
I m i p e n e m ,  M e r o p e n e m ,  E r t a p e n e m , 
Tr i m e t h o p r i m S u l fa m e t h oxa zo l e  ( COT ) , 
Chloramphenicol, Doxycycline, Nitrofurantoin & 
Norfloxacin [For Urine Sample Only].

table 1. Klebsiella pneumoniae isolates from 
different clinical specimens

Type of samples  No. of isolates (%) 

Pus sample  51 (34 %) 
Endotracheal tube  43 (28.67 %) 
(ET) sample
Sputum  22 (14.66 %) 
Blood culture  15 (10.0 %) 
Urine  10 (6.67 %) 
Fluids (CSF, pleural,  5 (3.33 %) 
Peritoneal, Synovial fluids)
Miscellaneous (Ear, eye  4 (2.67 %)
swab, vaginal sample)  

table 2. Distribution of klebsiella pneumoniae isolates 
positive for various virulence factors

No. Detection of various K. pneumoniae
 virulence factors by  isolates
 phenotypic methods     

1. Hemolysis  7 (4.66 %)
2. Capsule  150 (100.0 %) 
3. Hypermucoviscosity (HMV)  66 (44.0 %) 
4. Biofilm  Formation 81 (54.0 %) 
5. Siderophore  Production 110 (73.33 %) 
6. Protease  135 (90.0  %) 
7. Gelatinase  Test 126 (84.0 %) 
8. Lipase  119 (79.33 %) 
9. Lecithinase Activity  82 (54.66 %)
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KPC Positive samples
 Detected by KPC Hi Media agar, when 
blue- green colonies are produced on culture plate 
it will be considered as positive for Carbapenem 
resistance.28

 
ResUlts

 All 150 Klebsiella pneumonia isolates 
collected in our study were positive for various 
virulence factors as follows: hemolysis 7(4.66%), 
capsule 150(100%),  Hypermucoviscosity 
formation 66(44%), biofilm production 81(54%), 
siderophore production 110(73.33%), protease 
135(90%), gelatinase 126(84%), lipase production 
119(79.33%), lecithinase activity 82(54.66%) as 
depicted in Table 2.

 The drug resistance pattern of Klebsiella 
pneumoniae isolates were as follows ESBLs, 25 
(16.67%), AmpC producers were 22 (14.67%), 
MDR 116 (74.20%), extensive drug resistant 
(XDR) 30 (20%), pan drug resistant (PDR) 42 
(28%), Carbapenem resistance 65.33% reported 
as depicted in Table 3.

DisCUssiON

 K. pneumoniae strains produce a variety 
of infections and employs various virulence factors 
to colonize and spread in the human body. The 
exploding antimicrobial resistance of this bacteria 
in recent years is of great concern to the scientific 
world.29

 Pathogenicity of K. pneumoniae is the 
result of production of many virulence factors that 
help these bacteria overcome the immune system 
and cause various diseases.30

 In our study, we collected 150 clinical K. 
pneumoniae samples from pus sample, respiratory 
samples, blood culture, urine and body fluids. 
 The following 10 virulence factors 
were analysed in our study – Hemolysis, 
Capsule Formation, Hypermucoviscosity, Biofilm 
Formation, Siderophore Production, Protease, 
Gelatinase, Haemagglutination Assay, Lipase & 
Lecithinase Activity. 
 The Klebsiella pneumoniae isolates from 
our study producing capsule was 100%, this is in 

table 3. Types of antimicrobial pattern in our study

Types of antimicrobial  No: of isolates 
pattern in our study  (%) 

ESBL type  25 (16.67 %) 
AmpC producers  22 (14.67 %) 
MDR  116 (74.20 %) 
XDR  30 (20.0 %) 
PDR  42 (28.0 %) 
Imipenem (IMP) resistance  95 (63.33 %)
Meropenem (MRP) resistance  105 (70.0 %) 
Ertapenem (ETP) resistance  94 (62.66 %)

Figure 2. Siderophore test Figure 1. Biofilm test-by microtiter plate method
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 Detection of the rmp A gene in K. 
pneumoniae isolates / Hv-KP are responsible 
for invasive forms of infection in previously 
healthy adults (liver abscesses, meningitis, and 
endophthalmitis), hv-KP strains are more resistant 
to the complement and phagocytosis.37 
 The Klebsiella pneumoniae isolates from 
our study producing lipase was 79.33%, this is in 
contrast to Rama Krishnan et al study showed 
58%.6

 In our study, the Klebsiella pneumoniae 
isolates producing biofilm are 54% (n = 81), 
our study findings are in contrast to Aljanaby 
et al reported 100%, Imtiaz et al – showed 94% 
results,  & Rama Krishnan et al study showed 
79%. In contrast, a study Dougnan et al. reported 
with only 3.34% of biofilm formation in Klebsiella 
pneumoniae isolates.6,31,32,38

 Our findings on hemolysis was 4.66%; this 
is in concordance with other findings of Imtiaz et 
al. – showed 8%.32 Our findings are in contrast to 
Dougnan et al which reports 20% for hemolysis.38

 In our study, the Klebsiella pneumoniae 
isolates producing lecithinase enzyme as virulence 
factor 54.66% (n =82), this is in concordance with 
Rama Krishnan et al study showed 55%. Our study 
is in contrast to findings of Dougnan et al which 
showed 3.34%.6,38

 In our study, the Klebsiella pneumoniae 
isolates producing protease enzyme was 90% (n 
=135), this is in contrast to earlier studies like Rama 
Krishnan et al study showed 44%.6  In our study, 
the Klebsiella pneumoniae isolates producing 
gelatinase enzyme on gelatin media was 84% (n = 
126), this findings are in contrast to Rama Krishnan 

concordance with other study findings – Aljanaby 
et al - 100%, Imtiaz et al – 99%31,32 and Klebsiella 
pneumoniae has thick polysaccharide capsule 
this provides protection to bacteria against 
opsonization and phagocytosis by macrophages 
and neutrophils, due to blockade of Toll like 
receptors (TLR-4) & inhibit the expression of IL -8.33

 High virulence is typical for K. pneumoniae 
strains that cause community-acquired infections, 
LPS protects against humoral defences and activate 
immune system. 
 The Klebsiella pneumoniae isolates 
producing siderophore was 73.33% is our study 
results, (Siderophore production is more from 
endotracheal & pus samples in our study). This is 
in contrast to other studies which reported 100% 
in – Aljanaby et al.31,34

 It has been shown that the development 
of invasive forms of the disease is associated 
with the production of several siderophores by K. 
pneumoniae strains. Hv-KP strains produce more 
siderophore molecules and in their more active 
form, than c-KP.35

 The Klebsiella pneumoniae isolates 
producing Hypermucoviscosity (HMV) detected 
by positive string test was 44% in our study. The 
study conducted by other investigators on HMV 
produced from Klebsiella pneumoniae varies 
from 7 – 62%, Aljanaby et al reported 62%, Lee et 
al studied extensively on HMV – showed 14.8% 
from hospital acquired Klebsiella pneumoniae 
infections & 41.5% from community acquired 
Klebsiella pneumoniae infections. But in contrast 
Rama Krishnan et al study done in 2019 reported 
only 7% and Imtiaz et al reported 22%.6,31,32,36

Figure 3. Gelatin spot inoculation
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et al study showed 41% & Imtiaz et al – showed 
12% only. 6,32

 The antibiotic resistance of K. pneumoniae 
strains is associated mainly with the production 
of ESBL. In 2017 the World Health Organization 
declared K. pneumoniae as one of the most 
dangerous superbugs along with Acinetobacter 
baumanii and Pseudomonas aeruginosa.  This is of 
great concern because some antibiotic resistance 
are carried by mobile genetic elements (plasmids 
& transposons), which facilitate horizontal genetic 
transfer and promote the spread of antimicrobial 
resistance within and between species.39

 Compared to the multicenter study 
carried out in Garcia Fernandez et al, our study 
findings out of 150 K. pneumoniae isolates 
showed: ESBL K. pneumoniae 16.67% (n=25 
isolates), AmpC producer type 14.67% (n=22), 
multi drug resistance (MDR) – 74.20% (n=116), 
extensive drug resistant (XDR) – 20% (n=30), pan 
drug resistant (PDR) – 28% (n=42).40

 In our study, MDR isolates reported was 
74.20%, this is in contrast to a meta analysis done 
by Asri et al on MDR K. pneumoniae isolates was 
32.8%, Our study is in concordance with Ferreira et 
al study based on genotypic analysis reported 84% 
of MDR Klebsiella pneumoniae in their study.41,42

 In our study, the XDR isolates were 20.0%. 
Our findings are in concordance with Wenzi Bi et 
al showed 26.71. In their study XDR was resistant 
to all antibiotics except Tigecycline & Polymyxin 
B. In our study, we have reported as resistance to 
all antimicrobials except chloramphenicol.43

 Our study findings on CRKP isolates 
were as follows: Imipenem resistance 63.33%, 
meropenem resistance 70% & ertapenem 
resistance 62.66%; our study results are in contrast 
to studies Lombardi et al which reported 35% 
of CRKP isolates & Kahraman EP et al showed 
Imipenem resistance of 5.1% & meropenem 
resistance of 3.4% respectively.44,45

 The reasons for antimicrobial drug 
resistance in Klebsiella pneumoniae could be due 
to diminished expression/loss of porin channels, 
alteration in outer membrane proteins (OMP) 
permeability, or efflux pump overexpression & 
carbapenem hydrolysis.46

 KPCs also inactivate all beta-lactam 
antibiotics and are only partially inhibited by 

beta-lactamase inhibitors like clavulanic acid, 
tazobactam and boronic acid.47

CONClUsiON

 The presence of several virulence 
factors accompanied by antimicrobial resistance 
had made Klebsiella pneumoniae an important 
infectious agent of global concern and lead to 
treatment failure. The increasing coexistence of 
the virulence factors & antimicrobial is a major 
concern as it can lead to untreatable/invasive 
K. pneumoniae infections. Active surveillance is 
needed for antimicrobial resistance and also for 
virulence determinants, to avoid the transmission 
and spread of multidrug resistant strains. In our 
study, a lot of MDR K. pneumoniae strains were 
observed which warrants the role of antimicrobial 
stewardship programme, as It is vital & plays an 
important role in prevention & control of MDR K. 
pneumoniae strains. 
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